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Abstract
Bacillus sp. strain CDB3, isolated from cattle dip sites in Australia, is highly resistant to arsenic. It
contains 22 arsenic resistance (ars) genes, of which 17 are organized in 3 ars clusters. Here, we report
the draft genome sequence of CDB3, which will assist us in understanding the overall ars mechanism.
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Draft Genome Sequence of Bacillus sp.
Strain CDB3, an Arsenic-Resistant Soil
Bacterium Isolated from Cattle Dip Sites
Yiren Yang, Ren Zhang
School of Biological Sciences, University of Wollongong, Wollongong, New South Wales, Australia

ABSTRACT Bacillus sp. strain CDB3, isolated from cattle dip sites in Australia, is
highly resistant to arsenic. It contains 22 arsenic resistance (ars) genes, of which 17
are organized in 3 ars clusters. Here, we report the draft genome sequence of CDB3,
which will assist us in understanding the overall ars mechanism.

A

rsenic contamination in soil and water is a global issue. Microbes that possess high
arsenic resistance (ars) can provide insights into the resistance mechanism and
may assist with treating arsenic poisoning. Bacillus sp. strain CDB3 was isolated from
arsenic-contaminated cattle tick dip sites in Australia and was previously identiﬁed
based on its 16S classiﬁcation and fatty acid composition proﬁle (1). It demonstrated a
signiﬁcantly high tolerance toward arsenic (1), and two ars clusters were already
identiﬁed (2). Bacillus sp. CDB3 serves a good system for ars study, possessing not only
novel ars genes but also, interestingly, a rare ars cluster (2).
Genomic DNA library construction, pyrosequencing, data assembly, and annotation
were carried out as previously described (3). Draft genome sequences were also
submitted to PHASTER for prophage identiﬁcation (4).
The draft genome size of Bacillus sp. CDB3 comprises approximately 6,000 kb, with
a coverage of about 45-fold. The assembled genome contained 148 contigs (N50 value,
104,943 bp) arranged into 19 scaffolds (N50 value, 4,125,929 bp), with a G⫹C content
of 35.3%. There were 6,236 coding sequences (CDSs; length ⬎100 bp) and 115 RNAs
found in the genome, while the closest neighbor based on genome comparison was
Bacillus cereus BAG1X1-3 (accession no. GCA_000291055.1). An intact prophage
(phIS3501, accession no. NC_019502) was also found in the genome.
Genome analysis of CDB3 conﬁrmed the 2 ars gene clusters found in our previous
study (2). The long 8-gene operon, ars1 (arsRYCDATorf7orf8), possesses an interesting
posttranscriptional regulation mechanism (5) and 2 novel genes, orf7 and orf8, coding
for proteins homologous to HesB and dual-speciﬁcity protein phosphatase, respectively
(6). The second operon, ars2, is highly homologous to other arsRorf2YC operons which
are present in the skin element (7). However, as an intact sigK was found, ars2 was
suggested not to be part of the skin element in our strain. Note that an orf2 homologue
has been found to be responsible for MAs(III) demethylation and was denoted arsI (8).
Furthermore, an additional ars cluster (ars3) was revealed upstream of ars1, harboring
5 genes that were related to arsenic resistance (arsR3TO1O2N). Although ars1 and ars3
were found located relatively close (apart by 7,046 bp) on a 24,354-bp mobile genomic
island, our previous study based on resistance screening did not isolate ars3 (2),
suggesting that this cluster alone may not confer signiﬁcant arsenic resistance.
Furthermore, several individually located ars gene homologues were also found in
the CDB3 genome, including 4 additional arsenite transporters (ArsY3 and 3 ArsBs) and
one other ATPase (ArsA2). The draft genome sequence of CDB3 provides further
information for understanding arsenic resistance in bacteria.
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Accession number(s). This whole-genome shotgun project has been deposited at
DDBJ/EMBL/GenBank under the accession no. ALBR00000000. The version described in
this paper is the ﬁrst version, ALBR01000000.
ACKNOWLEDGMENTS
This work was supported by an internal grant from University of Wollongong.
We thank Daniel R. Zeigler of the Bacillus Genetic Stock Center, Ohio State University, for helpful discussion.

REFERENCES
1. Chopra BK, Bhat S, Mikheenko IP, Xu Z, Yang Y, Luo X, Chen H, van
Zwieten L, Lilley RM, Zhang R. 2007. The characteristics of rhizosphere
microbes associated with plants in arsenic-contaminated soils from cattle
dip sites. Sci Total Environ 378:331–342. https://doi.org/10.1016/j
.scitotenv.2007.02.036.
2. Bhat S, Luo X, Xu Z, Liu L, Zhang R. 2011. Bacillus sp. CDB3 isolated from
cattle dip sites possesses two ars gene clusters. J Environ Sci 23:95–101.
https://doi.org/10.1016/S1001-0742(10)60378-6.
3. Yang Y, Yu X, Zhang R. 2013. Draft genome sequence of Ochrobactrum
pseudogrignonense strain CDB2, a highly efﬁcient arsenate-resistant soil
bacterium from arsenic-contaminated cattle dip sites. Genome Announc
1(2):e00173-13. https://doi.org/10.1128/genomeA.00173-13.
4. Arndt D, Grant JR, Marcu A, Sajed T, Pon A, Liang Y, Wishart DS. 2016.
PHASTER: a better, faster version of the PHAST phage search tool. Nucleic
Acids Res 44:W16 –W21. https://doi.org/10.1093/nar/gkw387.

Volume 5 Issue 21 e00429-17

5. Yu X, Zheng W, Bhat S, Aquilina JA, Zhang R. 2015. Transcriptional and
posttranscriptional regulation of Bacillus sp. CDB3 arsenic-resistance
operon ars1. PeerJ 3:e1230. https://doi.org/10.7717/peerj.1230.
6. Zheng W, Sciﬂeet J, Yu X, Jiang T, Zhang R. 2013. Function of arsATorf7orf8
of Bacillus sp. CDB3 in arsenic resistance. J Environ Sci (China) 25:
1386 –1392. https://doi.org/10.1016/S1001-0742(12)60154-5.
7. Sato T, Kobayashi Y. 1998. The ars operon in the skin element of Bacillus
subtilis confers resistance to arsenate and arsenite. J Bacteriol 180:
1655–1661.
8. Yoshinaga M, Rosen BP. 2014. AC* As lyase for degradation of environmental organoarsenical herbicides and animal husbandry growth promoters. Proc Natl Acad Sci U S A 111:7701–7706. https://doi.org/10.1073/
pnas.1403057111.

genomea.asm.org 2

